provided written informed consent before enrollment to the study.
Study population
We enrolled 120 patients with type 1 diabetes referred to an outpatient clinic. The exclusion criteria were as follows: diabetes duration of less than 5 years, age above 65 years, diabetic ketoacidosis at enrollment, use of drugs affecting nasal mucosa (antihistamines, local steroids). We excluded 14 patients owing to nasal pathologies potentially affecting the sense of smell (acute or chronic sinusitis, rhinitis, nasal polyposis, severe nasal septum deviations). Another 16 patients refused to participate in the study. The final study sample included 90 patients. The control group consisted of 22 healthy individuals.
Data collection All patients underwent a full physical examination, including anthropometric measurements. We used standard diagnostic criteria to assess the metabolic control of diabetes and the presence of diabetic retinopathy (DR), peripheral neuropathy, and diabetic kidney disease. [11] [12] [13] The assessment of cardiac autonomic neuropathy was performed using the ProsciCard III program (Medi -Syst GmbH, Linden, Germany). An electrocardiogram recording with the use of selected standardized stimuli such as the Valsalva maneuver, orthostatic test, and deep breathing was used to calculate heart rate variability and associated parameters. The results were then compared with the standard values for age and sex. Cardiac autonomic neuropathy was diagnosed if 2 of the 4 tests yielded abnormal results.
Blood samples were obtained after overnight fasting. The levels of HbA 1c , serum lipids, and creatinine were measured using standard techniques. The clinical characteristics of the study group are presented in TABLE 1. Additionally, an ear, nose, and throat examination was performed with nasal endoscopy (patients were asked not to drink or eat anything but water and restrain from smoking cigarettes for at least 1 hour prior to examination).
Evaluation of olfactory function Sniffin' Sticks (Burghart®, Wedel, Germany) were used to assess odor identification and, using extrapolation, estimate olfactory function. The test consisted of 12 pens emitting different well -known odors. After removing the cap, the tip of the pen was placed 2 cm below the patient's nostrils for 2 seconds. Each odor was presented with the list of 4 possible answers from which only 1 was correct (best describing the smell). The procedure was repeated for every 12 odors. The score ranged from 0 to 12 points: a range of 11 to 12 points denoted normal olfactory function (normosmia), and of 0 to 10 points-significant olfactory dysfunction.
Assessment of physical activity Physical activity was assessed using a questionnaire survey. Questions were asked according to the short version of International Physical Activity Questionnaire in these patients, physical exercise should no longer be avoided; quite the opposite, it has become increasingly prescribed in this group of patients. 6 We notice the same positive effects of physical exercise in patients with diabetes as in the group of healthy controls. Sport lowers blood pressure, improves serum lipid levels, and reduces abdominal fat. 7 Additionally, physical activity decreases insulin resistance, which in turn lowers insulin needs and decreases glycated hemoglobin A 1c (HbA 1c ) levels. 8 The mechanisms of the healthy impact of physical activity include the phosphorylation of AMP -activated protein kinase (AMPK) that activates the enzyme. Subsequently, the activated AMPK elicits glucose transport and desirable lipid metabolism. 8 An inverse association between physical activity and retinopathy or microalbuminuria has been reported among adults with type 1 diabetes. 9 Moreover, a positive effect of regular aerobic exercise on laboratory parameters in type 2 diabetes patients with diabetic peripheral neuropathy was noted already after 8 weeks.
10 To our knowledge, no such research has been conducted for type 1 diabetes. Therefore, the aim of this study was to assess olfactory function in relation to the intensity of self -reported physical activity in patients with type 1 diabetes.
PATIENTS AND METHODS
The study was performed in the Department of Internal Medicine and Diabetology at the Poznan University of Medical Sciences, Poznań, Poland, in cooperation with the Department of Otorhinolaryngology of the Raszeja City Hospital in Poznań. It was conducted in accordance with the guidelines of the Declaration of Helsinki on biomedical research involving human subjects and was approved by the Bioethical Committee of the Poznan University of Medical Sciences. All participants (IPAQ -SF), following the principles outlined in the "Guidelines of Data Processing and Analysis of IPAQ short version". 14 The questionnaire evaluates physical activity seperately for 3 specific types of activity according to a metabolic equivalent score (MET, a unit that is applied to estimate the amount of oxygen used by the body during asymptomatic hypoglycemia, resting tachycardia, and exercise intolerance. However, studies showed that aerobic training improves cardiac autonomic dysfunction in patients with type 2 diabetes. 26, 27 Therefore, the correlation between neuropathy and IPAQ scores could be significant in both ways: low physical activity could be a risk factor of neuropathy and, on the other hand, clinical features of DAN could result in lower physical activity. When considering cardiac risk, it is necessary to conduct an exercise stress test before recommending an exercise program. Moreover, it is important to monitor blood pressure, heart rate, and blood glucose levels during the first hours of physical activity.
In line with previous studies, we observed a lower median IPAQ score in patients with proliferative DR in comparison with patients with nonproliferative DR. Praidou et al 28 showed lower IPAQ scores in patients with type 2 diabetes and proliferative DR compared with patients with nonproliferative DR. 28 Additionally, the occurrence of DR in patients with type 1 diabetes was reported to be associated with lower intensity of total leisure -time physical activity. 29 However, the association was not significant. Maintaining good metabolic control of diabetes expressed by HbA 1c levels, lipid profile, and blood pressure remains one of the most important therapeutic goals that prevents the development and progression of chronic complications of diabetes. The study of Danish pediatric cohort indicated high HbA 1c levels and elevated blood pressure as risk factors for progression of DR. 25 Owing to its beneficial influence on metabolic control, a regular physical activity is one of the treatment recommendations in diabetes. 8 However, we must emphasize that patients with proliferative DR are advised to avoid intensive physical activity, which is associated with the risk of vitreous hemorrhage, until the completion of laser therapy.
Olfactory function has a considerable effect on the quality of life; therefore, it deserves greater attention. Smell disorders do not only affect taste, but there is also a wide range of less obvious negative consequences of hyposmia or anosmia. In a Korean study, 30 severely impaired olfactory function was associated with lower quality of life and cognitive performance, and higher severity of depression in comparison with controls. Lower quality of life is not the only result of olfactory impairment. Miwa et al 31 showed an increased occurrence of disability in this group of patients. In another study, 32 impaired olfaction was a risk factor for certain injuries because normosmia allows early detection and avoidance of potentially hazardous situations, such as cooking or house fires, delayed detection of gas leaks, and exposure to or ingestion of toxic substances. 32 In our study, higher physical activity was associated with better olfactory function; therefore, we can conclude that it is another argument for recommending physical activity. Accordingly, DISCUSSION Regular physical activity improves metabolic control and reduces the risk of chronic diabetic complications. 8 Moreover, patient safety even during high -intensity exercise in type 1 diabetes has been proved in a recent study. 16 Previous studies have shown a relation between olfactory function and DR and neuropathy, suggesting the olfactory impairment as an indicator of central diabetic neuropathy. 4 In our study, the assessment of physical activity was based on a self -reported questionnaire, which is considered to be less precise and to overestimate the results. 17 It is important to emphasize that the obtained results may be difficult to replicate because there is a number of different scoring protocols of physical activity available and there is no consensus in terms of the interpretation and description of data provided by self -reported questionnaires. 14 In our study, patients declaring physical activity of higher intensity, as indicated by the IPAQ -SF, performed significantly better in olfactory tests. Herbst et al 18 reported that physical activity has limited effect on glycemic control in patients with type 1 diabetes. 18 However, regular physical activity improves endothelial function in these patients and thus reduces the incidence of microvascular complications. 19 This may also contribute to maintaining normal olfactory function in type 1 diabetes. Furthermore, physical activity decreases insulin demands by reducing insulin resistance. Insulin resistance is a proven risk factor of microvascular complications in patients with type 1 diabetes. 20 The pathogenesis of decreased olfaction in these patients has not been fully elucidated, thus making it difficult to determine the impact of regular physical activity on olfactory function. We also found that patients with lower BMI tended to have better olfaction, and this observation is consistent with other studies in the field of chemosensory function in patients with diabetes. Naka et al 21 reported a negative correlation of gustatory and olfactory function with BMI.
In our study, we found that patients with autonomic neuropathy had lower IPAQ scores compared with patients without this complication. First, we should emphasize that diabetic autonomic neuropathy (DAN) is a common complication of diabetes, which may affect the cardiovascular, gastrointestinal, and urogenital systems. Its prevalence varies widely depending on diagnostic criteria and differences in a study population. 22 The most common manifestation of DAN is cardiac autonomic neuropathy, and, according to a meta -analysis published in 2014, its prevalence in type 1 diabetes ranges from 1% to 90%.
23
Cardiac autonomic neuropathy is an important problem owing to its contribution to poorer quality of life 24 and even more life -threatening complications such as arrhythmias, silent myocardial ischemia, or sudden unexplained deaths.
25
Lower IPAQ scores in patients with autonomic neuropathy may be a consequence of clinical features of DAN such as orthostatic hypotension, the evaluation of olfactory function should be considered in patients with type 1 diabetes.
Our study has several limitations. First, it was not a prospective study, and the assessment of physical activity was based on a self -reported questionnaire, which in itself has some limitations. Also investigations using the Sniffin' Sticks have their own specific limitations.
To conclude, a lower IPAQ score, higher BMI, and the presence of neuropathy were predictors of impaired olfactory function. This study confirms the beneficial role of physical activity within the structures of the central nervous system in patients with type 1 diabetes.
